Introduction
Important efforts have been made to elucidate the behavior of the alkene-alkyl cationic species responsible for the catalytic activity of group 4 metallocene complexes in Ziegler-Natta type polymerization of a-olefins [1] . With this aim, we synthesized olefin-tethered group 4 metallocene complexes [2] containing the allylsilylcyclopentadienyl ligand and studied the coordination of its olefinic moiety. The metal-olefin interaction in these d 0 metal compounds is essentially due to the weak rdonation from the olefin p-bonding MO to the cationic metal center strengthened by a significant electrostatic contribution from the polarized olefinic system. These results encouraged us to prepare similar group 5 metal derivatives, which would allow comparison of the nature of the metal-olefin interaction of the related d 0 and d 2 metal complexes. The weakly coordinating properties reported [3] for the dicyclopentadienyl [MCp 2 R 2 ] + cations, which are stabilized by strong a-agostic interactions [4] , recommended the isolobal analogs [5] [6] [7] [8] , cyclopentadienyl imido compounds (a), as better models for d 0 , whereas the neutral dicyclopentadienyl metal(III) (b) derivatives were the most suitable models for d 2 species, as shown in Scheme 1. The results of these studies have been reported [9] separately.
Both ( , followed by further reduction by alkylation and reductive elimination of alkane. Here, we report the synthesis and structural characterization of these precursor chloro complexes and their alkylated derivatives.
Results and discussion

Synthetic results
Desilylation of silylcyclopentadienes by reaction with electrophilic metal halides is a convenient method [10] to prepare silylcyclopentadienyl niobium [11] , tantalum [12] and group 6 metal [13] complexes. The selectivity of this reaction, when two different silyl groups are bound to the ring, is not only dependent on the nature of the silyl substituents but also on the metal halide. [9] . As shown in Scheme 2, this compound reacted easily with NbCl 5 to give the desired monocyclopentadienyl derivative 1 in 80% yield as a red solid identified by analytical data and NMR spectroscopy. However, the same reaction using TaCl 5 was not successful and the related tantalum derivative could not be isolated.
Transformation of monocyclopentadienyl metal(V) compounds into metallocene dichlorides was achieved by reaction with the corresponding lithium cyclopentadienides in the presence of 1 equiv of Na/Hg in toluene (see Scheme 3) . In this way, reaction of 1 with Li(C 5 unique component in 90% yield by a redistribution reaction when an equimolar mixture of 5 and 7 was heated in toluene at 120°C. The alkyl complexes 6-8 were isolated as waxy brown air sensitive solids, very soluble in all organic solvents including hexanes. They were characterized by elemental analyses and NMR spectroscopy.
Similar alkylation using 1 equiv of Li( with the lithium salt of the allylsilylcyclopentadienyl ligand. Complexes 9-11 were very soluble in all usual organic solvents including hexanes. They were identified by elemental analyses and NMR spectroscopy.
Structural studies
The metal(IV) complexes 2-4 are paramagnetic compounds with effective magnetic moments l ef = 1.7-1.8 BM at 298 K similar to those found for related compounds.
All of the other metal(V) compounds were studied by 1 H and 13 C NMR spectroscopy and selected data are shown in Section 3. The tetrachloro (1), dichloro-imido (5) and dialkyl-imido (6-7) complexes are C s symmetry molecules which show the expected 1 H NMR spectra corresponding to an AA 0 BB 0 spin system for the ring protons. The typical spectral pattern of the allyldimethylsilyl group consists of two high field signals observed as one singlet for both equivalent silicon methyl groups and one doublet for the methylene silicon-bound group, together with three low field signals appearing as two doublets for the olefinic methylene group and one multiplet due to the internal olefinic proton. The ring proton resonances are shifted upfield for imido complexes (5) (6) (7) (8) compared with the tetrachloro niobium derivative 1, whereas the resonances due to SiMe 2 , Si-CH 2 and olefinic CH@CH 2 protons of the dimethylsilylallyl group are shifted low field, the Si-CH 2 being the most sensitive signals. These displacements are related to the stronger r-p-donating character of the imido ligand, causing the metal to require less electron density from the aromatic ring. The same behavior can be observed in the 13 C NMR spectra, although smaller differences are found. The electron donating capacity of the imido ligand can be inferred [19] from the Dd = d(quaternary C) À d(methyl C) differences observed for the tert-butyl group in the 13 C NMR spectra which are between 33.0 (6) and 39. 7 (5) , in the range accepted for a substantial p-donating contribution (see Table 1 ). The 1 H and 13 C NMR spectra of complex 8 show similar resonances for the tert-butyl and olefin groups although the chiral character of the metal center makes all of the other substituents non-equivalent. Therefore, it shows two singlets for the methyl-silyl groups, two overlapped doublets for the methylene-silyl protons and two doublets for the methylene-benzyl protons. Consequently, there are four 1 H multiplets and five 13 C resonances for the silyl-substituted ring.
All of the dicyclopentadienyl imido complexes 9-11 are chiral asymmetric molecules which show the expected similar pattern observed for 8 in their 1 H and 13 C NMR spectra. The nature of these apparently 20-electron compounds has been reported [20] previously for similar group 5 and 6 metal derivatives, which show nearly linear M-N-R imido ligands with the sp hybridized nitrogen acting as a four-electron donor ligand. Theoretical investigation of the bonding in compounds of this type showed that the surplus electron pair is located in an essentially cyclopentadienyl-based orbital. We were not able to isolate single crystals appropriate for X-ray diffraction studies. Nevertheless, the p-donor capacity of the imido ligand in complexes 9-11 can be estimated by the Dd values observed in their 13 C NMR spectra for the tert-butyl substituent.
As shown in Table 1 , complex 9 shows a value of Dd (40.0), even higher than that found for complex 5, indicating the strong p-bonding contribution of the imido ligand. As expected, this contribution is lower for the niobium complex 10 (Dd = 38.5) and even lower for the tantalum complex 11 (Dd = 33.7) with its more donating Cp* ligand.
Experimental
Standard Schlenk procedures were used for all syntheses and sample manipulations. The solvents were (1) A solution of 1,1-[SiMe 2 (allyl)] 2 C 5 H 4 (3.5 ml, 22.4 mmol) was added to a toluene suspension (75 ml) of NbCl 5 (3 g, 11.1 mmol) and the mixture was vigorously stirred for 12 h at room temperature. The red suspension was filtered and the red solid was washed twice with nhexane (2 · 15 ml), dried in vacuo and identified as 1. (5) A hexane solution (50 ml) of LiNHtBu (0.3 g, 3.7 mmol) was added at À78°C to a toluene suspension (50 ml) of 1 (1.5 g, 3.7 mmol) and NEt 3 (0.52 ml, 3.7 mmol). The mixture was stirred for 15 h at room temperature. The resulting brown suspension was concentrated under reduced pressure and hexane (50 ml) was added. The suspension was filtered through Celite and the filtrate was concentrated to ca. 10 ml and cooled to À40°C to give 5 as a yellow solid. Yield: 1.00 g, 2.51 mmol (70%). A THF solution of MgClR (R = Me, 2.3 ml, 6.8 mmol; R = CH 2 Ph, 3.4 ml, 6.8 mmol) was added at À78°C to a hexane solution (50 ml) of 5 (1.37 g, 3.4 mmol). The mixture was stirred for 2 h at room temperature. The resulting brown suspension was decanted and filtered through Celite, and the filtrate was concentrated under reduced pressure to give 6 (reddish) and 7 (brown) as viscous products.
Data for compound 6: Yield: 0.85 g, 2.38 mmol (70%). ) : 2966s, 1450m, 1045s, 816s, 1252s, 1354s, 546m, 1629s, 931m, 433w, 401w. Elemental Anal. Calc. for C 16 H 30 NNbSi (357.41): C, 53.77; H, 8.46; N, 3.92. Found: C, 53.94; H, 8.59 (9) Hexane (50 ml) was added to a mixture of 5 (0.4 g, 1.0 mmol) and LiC 5 H 5 (0.072 g, 1.0 mmol) cooled to À78°C
. After stirring overnight at room temperature, the yellow suspension was decanted and filtered through Celite. The filtrate was concentrated to ca. 10 ml and cooled to À40°C to give 9 as a yellow solid. Yield: 0.32 g, 0.75 mmol (75% 
